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ABSTRACT 

33m4 
~ ~ ~~ ~~ 

The objective of this study was to determine the power-handling 

capability and breakdown-power level of several typical linear and 

circularly polarized antennas in the simulated atmospheres of Mars and 

Venus. For the N2, C02, and Ar concentrations forming the simulated 

atmospheres employed here, the breakdown power level of the antennas 

was not significantly different from that experienced in air. 

Measured power required to initiate breakdown of 0.26 h cylindrical 

monopole antennas is presented for 0 = 13.8, 12.0, 10.6, 10.1, 9.2, 7.8, 

6.0, and 5.0 [ n  = 2 In ( 4  length/dia) of antenna]. Measured breakdown 

power as a function of pressure is presented also for a cylindrical 

dipole antenna. The antenna scaling principle was verified at fre- 

quencies of 250 Mc (CW), 1197 Mc (pulse) and 3000 Mc (pulse), using 

monopole antennas of different thickness ratio, 0. 

The tip field was measured on several cylindrical quarter-wave 

monopoles using a 

for tip breakdown 

down levels. 

small probe. A curve relating the tip field required 

is presented, providing a means of predicting break- 
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I INTRODUCTION 

The antenna is a basic link in the exploration of space by man. 

Important to antenna operation in planetary atmospheres is power-handling 

capability and breakdown-power level. When the air or atmospheric gas 

surrounding an antenna breaks down, the performance of the antenna is 

changed radically: The VSWR is altered, the radiation pattern is 

distorted, the total radiated power is decreased, and the pulse shape is 

changed. 

This study was primarily directed towards determining the power- 

handling capacity and breakdown-power level of typical antennas in 

simulated atmospheres for Mars and Venus. 

measurements, the simulated atmospheres for Mars and Venus were found 

to be similar to air in breakdown characteristics. It was therefore 

decided to complete the breakdown measurements in air. 

However, during the course of 

A large part of this experimental investigation is an extension of 

measurements by Scharfman and Morita at Stanford Research Institute. 

Scharfman and Morital* considered the various physical mechanisms 

important in the breakdown process and the manner in which these mecha- 

nisms determine breakdown field strength. It was shown that for standard 

geometries--monopole, slot, parallel-plate, waveguide, coaxial trans- 

mission line, etc.--knowledge of the electric field strength and gas 

pressure is sufficient to predict breakdown-power level. This prediction 

should be acceptable for all geometries in which electric field strength 

can be related to power level. 

* 
References are included at the end of this report. 
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I1 CYLINDRICAL MONOPOLE BREAKDOWN 

A. BREAKDOWN IN AIR 

Cylindrical monopole antennas used for breakdown measurements are 

illustrated in Fig. 1. Antenna tips are hemispherical of radius d/2. 

Breakdown measurements were made at 250 Mc, 1197 Mc, and 3000 Mc. 

Antenna length was 0.26 X at specified frequencies. 

Antenna thickness coefficient, $2, for cylindrical antennas is 

defined as - 
41 Q = 2 l n -  d 

where 

1 is the antenna length 

d is the antenna diameter. 

Measured power level at tip breakdown is plotted as a function of 

p/f (pressure/frequency) for eight monopole diameters in Fig. 2. 

The dashed-line curves were obtained from Reference 1. The greater 

power-handling capability of thick monopoles compared to thin ones is 

clearly indicated in Fig. 2. For the antennas considered here, the 

maximum electric field at the monopole tip surface will be approximately 

inversely proportional to the diameter, assuming a constant power is 

radiated. 

Power to initiate breakdown CP, incident-P, ref1ected)for p/f  = 

8 x mm Hg/Mc--representative of minimum breakdown power--is 

plotted in Figs. 3 and 4. In Fig. 3, breakdown power is plotted as a 

function d/A. In Fig. 4, the solid curve represents breakdown power as 

a function of Q. The dashed curve in Fig. 4 relates 1/d to a. 

A Q = 7.8 cylindrical dipole antenna was constructed to operate at 

1197 Mc. As expected, the power level at tip breakdown was twice that 

of the monopole. 

2 
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FIG. 1 MONOPOLE ANTENNAS 

3 



1000 

- MEASURED POINTS; 250M~- C. W. I 
-AVERAGE OF MEASURED POINTS; I197Mc - PULSE, 3000MC - PULSE 

- 

-- CURVES INTERPOLATED FROM MEASURED DATA IN REF. 
I I 1 1 1 1 1 1 1  I I I I 1 1 1 1 1  I I I I I I I I .  

10 

I 
4 10-5 4 x  IO-^ 4 x 10-3 

p/f -mmHg/Mc 

4 x 10-2 

RB-4208-7 

FIG. 2 POWER REQUIRED TO INITIATE BREAKDOWN IN AIR OF 0.26h MONOPOLES 
AS A FUNCTION OF PRESSURE AND FREQUENCY 

B. VERIFICATION OF ANTbNNA SCALING PRINCIPLE 

A study of the factors influencing the type of discharge under 

consideration here shows that for geometrically similar antennas, 

frequency scaling is applicable. 

similitude principle, it is required that 

Aside from the usual electromagnetic 

pl(or 7)  P = constant 
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FIG. 4 POWER REQUIRED TO INITIATE BREAKDOWN IN AIR OF 
0.26 A MONOPOLES AS A FUNCTION OF 
p/f 8 x rnmHg/megacycles 

AND Z/d FOR 

where 

p is the pressure 

X is the wavelength 

f is the frequency. 

The antenna scaling principle is verified in Figs. 5 and 6 for 

SI. = 7.8 and R = 5 monopoles at three frequencies: 250 Mc, 1197 Mc and 

3000 Mc. 

Power supplied at 250 Mc was CW; power supplied at 1197 Mc and 3000 Mc 

was pulsed. 

Measured breakdown power level is plotted as a function of p/f. 
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FIG. 5 VERIFICATION OF ANTENNA SCALING PRINCIPLE AND BREAKDOWN FOR 
R = 7.8 MONOPOLES AS A FUNCTION OF PRESSURE AND FREQUENCY 

In converting average power (meter reading) to peak power for pulse 

breakdown at1197 W a n d  3000 Mc, an equivalent pulse width T 

requi,red because magnetron pulses were not rectangular. 

pulse width, is defined as: 

was e 
Equivalent 

t =  
hmax e 

where 

h(T) 

max h 

T and T 
1 2 

is the pulse height as  a function of width T 

is the maximum pulse height 

refer to time at the leading and trailing edges of the pulse. 
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FIG. 6 VERIFICATION OF ANTENNA SCALING PRINCIPLE AND BREAKDOWN FOR 
fl = 5.0 MONOPOLES AS A FUNCTION OF PRESSURE AND FREQUENCY 

Equivalent pulse width for breakdown measurements were computed as 

5 psec at both 1197 Mc and 3000 Mc. 

200 pps at both 1197 Mc and 3000 Mc. 

Pulse repetition frequency was 

For pulse breakdown of monopole antennas, tip field and input power 

As p~ at breakdown are functions of pressure times pulsewidth--i.e.,pr. 

increases, pulse breakdown level approaches the CW value and a function 

of pd. Pulse breakdown is discussed in detail in Reference 1. It is 

shown that for measurements presented in this report where PT 2 10 
mm Hg seconds and pd 2 0.02 mm Hg-cm peak power levels for pulse break- 
down are approximately equivalent to power for CW breakdown. Figures 5 

and 6 verify this equivalence. 

-6 



C. BREAKDOWN FIELD MEASUREMENTS 

For the monopole antenna considered here, the maximum field occurs 

at the tip which is the point at which breakdown takes place. The 

breakdown power level for the monopole is related to the tip field as 

follows : 
2 

P = K E t  

where 

P = breakdown power level 

K = Constant for a given antenna, determined by charge distribution 

E = Electric field strength (rms volts) at the monopole tip. t 

The value of tip field required to initiate breakdown is determined by an 

effective field strength, Ee 

Ee = 
2 2 112 [l + w /vcl 

where 

w is the radian frequency of the applied power 

is the collision frequency in collisions per second. VC 
In air, the collision frequency is assumed to be related to pressure by 

9 = 5.3 x 10 p 

where p is the pressure in mm Hg. 

The effective field strength, Ee, required for breakdown is unique 
for a given field geometry and ambient pressure. Also, if the form of 

the near-zone field remains the same with some varying dimension (as 

with parallel plate transmission lines with varying spacing, narrow 

slot antennas with varying width, and monopoles with varying diameter), 

the value of E /p is a function of pressure p times the characteristic 

dimension. Normalized curves of E /p as a function of pr, where r is e 
the monopole radius, can thus be used in predicting the breakdown power 

level of an antenna once E is related to the input power. A normalized 
Ee/p curve is presented in Fig. 7 and is independent of antenna height. 

e 

t 
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FIG. 7 AVERAGE VALUES OF NORMALIZED PARAMETERS FOR CW BREAKDOWN 
OFMONOPOLE ANTENNAS 
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r =ANTENNA RADIUS 

The solid curve in Fig. 7 is reproduced from breakdown measurements 

40 

20 

10 I I I I I I l l  

by Scharfman and Morita' on 0.24 X monopoles of diameter 1/16", 1/8" 

and 1/4". 
* 

Calibration of K for the solid curve was calculated using the 

0 0  
n - 

I I I I I I l l  I I I I I I l l  I I I I I I l l  

charge distribution for the R = 10, quarter-wave antenna as presented 

by King. 
3 

A direct measurement of E was made on the 1/4", 1") 2-1/2" and 4" t 
hemispherically capped monopoles used in the 250-Mc breakdown tests. 

The measurement employed a small coaxial probe located at the tip of the 

* 
See Ref. 1, Appendix A. 
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dipole. The data points plotted in Fig. 7 represent the tip field and 

breakdown power measurements on 0.26 X monopoles of diameter 1/4", l", 

2-1/2" and 4". As shown in Fig. 7 the measured data for thick antennas 

agrees well with previous field measurements on thin monopole antennas. 

Monopole Diameter, d 

1 /4" 

1 " 

2-1 /2" 

4 *' 

._. - . - 

Calibration of K was made by direct measurement between parallel 

plates and by knowing that E /p + 30 for large values of pr. The factor 

K is listed in Table I for the 1/4", 1") 2-1/2" and 4" monopoles. 
e 

K 
for 0.26 X MonoRoles . 

0.000492 

0.0142 

0.137 

0.415 

TABLE I 

TIPFIELD-POWER LEVEL CONSTANT K 

2 
t P = K E  

2 (input power) = K(tip field) 

If the near-zone field about an antenna does not vary with varying 

characteristic dimension, E /p is no longer simply a function of pressure 

times the characteristic dimension. This occurs, for example, with slot 

antennas when the slot width becomes appreciable compared to a wavelength. 

I). BREAKDOWN IN SIMULATED ATMOSPHERES FOR MARS AND VENUS 

e 

A brief survey of literature on the gas composition of the atmos- 

pheres of Mars and Venus has been conducted. 4-11 

the atmosphere of Mars are more definitive than the data available for 

that of Venus. The data surveyed for the Martian atmosphere indicates 

that the neutral atmosphere is composed almost totally of nitrogen. 

Minor constituents of the Martian atmosphere are argon and carbon dioxide. 

Data available for 

11 



Spectroscopic observations indicate that the atmosphere of Venus has a 

larger quantity of carbon dioxide than the Martian atmosphere. 

models of the atmosphere of Venus cannot be obtained without penetrating 

the cloud cover surrounding the planet. 

Definitive 

Breakdown tests have been made using volumetric gas compositions 

specified by JPL, which represent the expected extremes. These com- 

positions are given in Table 11. 

Mars - 
Carbon Dioxide 

Argon 

Nitrogen 

Venus 

Carbon Dioxide 

Argon 

Nitrogen 

TABLE I1 

0.7% 7.2% 

0.6% 6.0% 

98.7% 86.8% 

3% 25% 

1% 1% 

96% 74% .___--- -- . 

MARTIAN AND VENUSIAN ATMOSPHERE COMPOSITIONS 
ASSUMED FOR TESTS 

The equipment used in creating the artificial atmospheres is  shown 

in Fig. 8. It consists of a reservoir for mixing the various gases and 

a means of injecting each constituent separately. The correct gas 

mixture was obtained in the reservoir by using the Alphatron pressure 

gage and the method of partial pressures. Before each test the chamber 

was purged to remove the air and moisture with dry N the principal 2’ 

12 



BREAKDOWN CHAMBER 

RESERVOIR 
ROOM 

AT M 0 SPHERE 

VACUUM PUMP 
R A - 4 2 0 6 - 1 6  

FIG. 8 GAS MIXING EQUIPMENT 

constituent of the desired atmosphere. The chamber was then pumped 

well below the pressure where the measurement was to be made. Immediately 

prior t o  the measurement, the chamber pressure was increased to the 

desired level by transferring a portion of the gas mixture previously 

established in the reservoir. This method was employed so that any 

small leaks permitting air to enter the chamber would have a negligible 

affect . 
Breakdown tests were performed on the 0.26 X monopole (Q = 7 . 8 )  at 

250 Mc. Results are plotted in Fig. 9. It is readily seen that antenna 

breakdown in the simulated atmospheres does not differ from that in the 

earth's atmosphere-air. 

One of the fundamental parameters in determining breakdown levels 

in a gas is the ionization rate (the number of ionizations per second 

per electron). Voltage breakdown of an antenna occurs when the gain in 

electron density due to ionization becomes equal to the loss of electrons 

by diffusion and attachment. Ionization rate in argon is higher than in 

air, in nitrogen, or in carbon dioxide. Ionization rate in air, in 

nitrogen, and in carbon dioxide are comparable within an order of magni- 

tude. 

nitrogeqand carbon dioxide do not significantly alter gas breakdown 

Thus small amounts of argon (< - 6%) in gas mixtures of air, 

13 
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FIG. 9 MEASURED VALUES OF POWER TO INITIATE CW BREAKDOWN OF A CI = 7.8 
MONOPOLE IN SIMULATED ATMOSPHERES OF MARS AND VENUS 

characteristics as indicated in this study. The percentage of argon 

at which breakdown characteristics change significantly has not been 

evaluated in this study. 

14 



I11 CROSS-DIPOLE ANTENNA BREAKDOWN 

Breakdown tests were made in air on a cross-dipole antenna at 890 Mc 

and 1197 Mc. The antenna shown in Fig. 9 and supplied by JPL is circularly- 

polarized at 890 Mc. Polarization characteristics are unknown at 1197 Mc. 

Dipole total lengths were 4.9 in and 6.3 in. 

With available power of 10 watts at 890 Mc fed into the array no 

breakdown occurred. 

Peak pulse power required to initiate breakdown at 1197 Mc is plotted 

in Fig. 10 as a function of pressure. Equivalent pulse width was 5.0 psec 

and P R F  was 200 pps. Breakdown occurred at the feed for all measurements. 

Since breakdown occurs at the feed, where the VSWR was less than 2:1, the 

power levels measured at 1197 Mc are indicated of the feed breakdown 

power level at 890 Mc. 

15 
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IV HELICAL ANTENNA BREAKDOWN 

Peak pulse power to initiate breakdown was measured for scaled 

helical antennas at 1197 Mc and 3000 Mc. Pulse width was 5 psec at 

1197 Mc, and PRF was 200 pps at both frequencies. A photograph of the 

6-turn, L-band helix used in the measurements is presented in Fig. 11. 

Design data and breakdown measurements on 6-turn, axial-mode helical 

antennas are presented in Fig. 12. Breakdown occurred at the coaxial 

feed where field is a maximum. 

The dashed curves in Fig. 12 are theoretical predictions for break- 

down at the helical feed. Referring to Fig. 13, the helical feed is 

a 50-ohm tapered coaxial transition from a RG-8 U cable to the helical 

element. Breakdown power level for the feed is predicted by 

Parameters, a, a/b, and R are defined in Fig. 12. Dimension b was 

assumed to be 0.745 in for calculating the breakdown power. The ratio 

d/b is simply an approximation to the ratio of the electric field at 

distances d/2 and b/2 from the center of the feed. 

and E have been defined earlier. In calculating P, E /p was obtained 

at specific pd's from coaxial line breakdown data in Reference 1. 

vC 
Parameters w, 

e e 

Breakdown measurements were made on L-band, 3-turn and 1-1/2-turn 

helices of design similar to the 6-turn helix. Breakdown level was 

unchanged relative to the 6-turn helix and occurred at the helical feed. 

Breakdown measurements were made also on S-band, 3-turn and 6-turn 

helices with a potting of RTV-60' silicon rubber compound at the feed. 

The 3-turn helix and potting is illustrated in Fig. 14. Minimum break- 

down power for the two antennas was 660 watts at 3 mm Hg. Referring to 

Fig. 11, the increase in feed power handling capability with potting is 

6.5 db. 
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V CONCLUSIONS 

(1) Breakdown of antennas in the simulated atmospheres of Venus and 

Mars specified by JPL does not significantly alter the breakdown 

experienced in air. 

( 2 )  Power-handling capability of cylindrical antennas increases as 

increases and in a manner one would predict on the basis of 

knowing the electric field configuration. 

(3) Breakdown power of monopole antennas can be predicted from 

normalized E /p curves, where the correspondence between the input 

power level and peak electric field intensity can be established. 
e 
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